Ruthenibacterium lactatiformans gen. nov., sp. nov., an anaerobic, lactate-producing member of the family Ruminococcaceae isolated from human faeces Two novel strains of Gram-stain-negative, rod-shaped, obligately anaerobic, non-spore-forming, non-motile bacteria were isolated from the faeces of healthy human subjects. The strains, designated as 585-1 T and 668, were characterized by mesophilic fermentative metabolism, production of D-lactic acid, succinic acid and acetic acid as end products of D-glucose fermentation, prevalence of C 18 : 1 !9, C 18 : 1 !9 aldehyde, C 16 : 0 and C 16 : 1 !7c fatty acids, presence of glycine, glutamic acid, lysine, alanine and aspartic acid in the petidoglycan peptide moiety and lack of respiratory quinones. Whole genome sequencing revealed the DNA G+C content was 56.4-56.6 mol%. The complete 16S rRNA gene sequences of the two strains shared 91.7/91.6 % similarity with Anaerofilum pentosovorans Fae T , 91.3/91.2 % with Gemmiger formicilis ATCC 27749 T and 88.9/88.8 % with Faecalibacterium prausnitzii ATCC 27768 T . On the basis of chemotaxonomic and genomic properties it was concluded that the strains represent a novel species in a new genus within the family Ruminococcaceae, for which the name Ruthenibacterium lactatiformans gen. nov., sp. nov. is proposed. The type strain of Ruthenibacterium lactatiformans is 585-1 T (=DSM 100348 T =VKM B-2901 T ).
Butyricicoccus, Saccharofermentans, Flavonifractor, Pseudoflavonifractor, Cellulosibacter and Gemmiger, as well as the provisional taxonomic groups 'Clostridium cluster III' and 'Clostridium cluster IV' (Collins et al., 1994) , but excluding the genus Oscillospira which currently remains uncultured. The NCBI Taxonomy database (http://www.ncbi.nlm.nih. gov/Taxonomy/) also proposes 21 genera within Ruminococcaceae partially overlapping with those in the RDP with the addition of Caproiciproducens, Ercella, Mageeibacillus, Pseudobacteroides and Ruminiclostridium [the last-named taxon supersedes Clostridium clusters III and IV as suggested by Yutin & Galperin (2013) ], to the exclusion of Butyricicoccus, Cellulosibacter, Flavonifractor and Pseudoflavonifractor. These and other inconsistencies between different databases indicate the need for further taxonomic improvements within the class Clostridia. It is pertinent to note that all bacterial names should be validly published in the International Journal of Systematic and Evolutionary Microbiology as required by the Bacteriological Code. It is only these names that have standing in the literature, which is often not reflected in the names used in DNA databases.
In spite of a high degree of phenotypic divergence, most members of the family Ruminococcaceae share a number of common features. The majority of genera within this family comprise strictly anaerobic bacteria with a Gram-positive type of cell wall, albeit many species actually stain Gramnegative. Metabolism is chemo-organoheterotrophic fermentative with a variety of organic acids and H 2 produced as end products . Some species are capable of anaerobic respiration by utilizing fumarate and sulphur as electron acceptors (Van Gelder et al., 2014) . Morphologically the family is very diverse and includes species with rod-shaped (Zellner et al., 1996; Duncan et al., 2002) , coccoid (Sijpesteijn, 1948) and pleomorphic (Holmstrøm et al., 2004) cells, the most notable being a giant (10-40Â3-6 µm) filamentous septate yet uncultured bacterium Oscillospira guilliermondii (Yanagita et al., 2003) . Some species form spores whilst others are motile by peritrichous flagella (Grech-Mora et al., 1996; Zellner et al., 1996) . A number of genera (e.g. Ruminococcus, Faecalibacterium, Anaerotruncus, Fastidiosipila, Oscillospira and Subdoligranulum) are associated with human and animal hosts and have been isolated from faeces, rumen and intestinal contents, and blood. Other representatives of the family have more diverse isolation sources, including wastewater sludge, anaerobic digesters and bioreactors .
One member of the family Ruminococcaceae, Faecalibacterium prausnitzii, has attracted particular attention during the last decade due to its important role in the human gut. Placed in the genus Fusobacterium in 1973 (Cato et al., 1974) , this acetate-consuming and butyrate-producing, extremely oxygen-sensitive, anaerobic organism was reassigned two decades later to the Clostridium leptum group (clostridial cluster IV according to the taxonomy of Collins). Finally, it was renamed as F. prausnitzii by Duncan et al. (2002) . This bacterial species constitutes around 5 % of total bacterial loads in faecal samples from healthy adults as determined by metagenomic sequencing (Arumugam et al., 2011) and from 2 to 45 % according to 16S library sequencing (our unpublished data). Depletion of this organism from the faecal microbiota has been implicated in the pathogenesis of inflammatory bowel disease (IBD; Sokol et al., 2009) . Moreover, recent studies have confirmed antiinflammatory activity of F. prausnitzii live cultures, cell supernatants and certain purified components in animal models of IBD (Qu evrain et al., 2015; Rossi et al., 2015) . Interestingly, despite its extreme air-sensitivity, F. prausnitzii may actually benefit from low oxygen concentrations by using it for NADH regeneration through an extracellular electron shuttle (Khan et al., 2012) .
During an ongoing culture-based study of the human faecal microbiome, in healthy adults and children, two strains of strictly anaerobic, Gram-stain-negative bacteria were isolated that presumably belonged to the family Ruminococcaceae but could not be classified to the species level using routine identification approaches. Preliminary analysis had shown that the strains, designated 585-1 T and 668, were identical based on their partial 16S rRNA gene sequences and were moderately closely related to F. prausnitzii, Subdoligranulum variabile, Gemmiger formicilis and Anaerofilum species. The goal of the current study was to determine the taxonomic position of these strains using a polyphasic approach.
Strain 585-1 T was isolated from a stool sample of a 31-yearold healthy Russian male where it was present at a concentration of~1Â10 8 c.f.u. g À1 . Strain 668 was isolated from the stool of a 5-year-old healthy Russian male child at a concentration of~4Â10 8 c.f.u. g À1 . Faecal samples were weighed, serially diluted with saline and spread over EG agar plates supplemented with 5 % (v/v) defibrinated sheep blood. EG medium base consisted of (per 100 ml): 0.24 g Lab-Lemco powder (Oxoid), 1.0 g Proteose peptone No. 3 (BD-Difco), 0.5 g yeast extract (BD-Difco), 0.4 g Na 2 HPO 4 , 0.15 g glucose, 0.05 g soluble starch, 0.02 g L-cystine, 1.5 g agar and 0.05 g L-cysteineÁHClÁH 2 O. Plates were incubated in an atmosphere of 85 % N 2 /10 % H 2 /5 % CO 2 at 37 C for 72 h in anaerobic jars (Schuett-Biotec). Well-isolated colonies representative of each morphological type were selected and streaked out several times to obtain pure cultures on EG-blood agar. Upon isolation, strains 585-1 T and 668 were cultured anaerobically in EG broth, PYG broth (Thermo Fisher) or MRS broth (HiMedia) supplemented with 5 mg haemin l À1 . Cultures were incubated at 37 C for 48-96 h. Strains were preserved by freeze-drying of bacterial suspensions in 10 % (w/v) sucrose and 1 % (w/v) gelatin solution. Susceptibility of the strains to bile and NaCl was tested in EG broth supplemented with 0-3 % (w/v) Oxgall (Sigma-Aldrich) and 0-8 % (w/v) NaCl. Media were inoculated from fresh agar cultures and growth was examined visually after 48 h. Physiological properties and enzyme profiles were determined using Vitek 2 ANC, Rapid ID 32A and API 20A identification systems (bioM erieux) essentially according to the manufacturer's instructions except for substitution of API 20A standard incubation medium for glucose-free MRS broth. Carbohydrate fermentation was studied by supplementing MRS broth with 2 % (w/v) of every substrate tested instead of D-glucose as well as with 0.01 % (w/v) bromocresol purple. Cultures were incubated anaerobically for 72-96 h.
Analysis of short-chain fatty acids was performed in 168 h PYG broth culture supernatant using HPLC as described previously (Shkoporov et al., 2015) . Alcohols were analysed using a Pye-Unicam 304 gas chromatograph equipped with 2 mÂ2 mm glass column packed with Porapak QS matrix (Fluka) in isocratic mode with column, injector and detector temperatures of 100, 120 and 170 C, respectively. Cellular fatty acids and menaquinone profiles were analysed in the late exponential phase cultures in MRS broth. Longchain fatty acids were separated and detected using GC-MS according to Zhilina et al. (2012) . Respiratory quinones were detected following the procedure of Collins (1985) . For peptidoglycan amino acid analysis, cell walls were prepared as described by Schleifer & Kandler (1972) . The cellwall preparations were hydrolysed with 6 M HCl at 105 C for 6 h. Quantitative amino acid analysis was performed with an LC 600 amino acid analyser (Biotronic).
Ultrathin sections (50-60 nm thick) of culture pellets were prepared as described by Duda et al. (2009) and examined in a JEOL JEM-1200EX transmission electron microscope at an accelerating voltage of 80 kV.
Genomic DNA was extracted and sequenced on a GS Junior sequencer (Roche 454 Life Sciences) as described by Shkoporov et al. (2015) . Reads were assembled using Newbler v 2.7 into 108 contigs for strain 585-1 T (N 50 =101 736 bp) with a combined length of 4 111 078 bp and 20.0Â coverage and 108 contigs for strain 668 (N 50 =114 065 bp) resulting in a combined length of 3 951 525 bp and 17.9Â coverage. Draft genome sequences of strains 585-1 T and 668 were deposited in the GenBank nucleotide database under accession numbers JXXK01000000 and LMUA01000000, respectively. Annotation was performed using the NCBI Prokaryotic Genome Annotation Pipeline (Angiuoli et al., 2008) with metabolic pathways constructed using the KEGG automated annotation server (Moriya et al., 2007) followed by manual curation.
The complete 16S rRNA sequences of strains 585-1 T and 668 (accession nos. KM098109 and KM098110, respectively) and of the type strains of members of the family Ruminococcaceae were aligned using MUSCLE (Edgar 2004) . All positions containing gaps and missing data were eliminated. Phylogenetic inference was performed using the neighbour-joining (NJ) approach in MEGA 6 (Tamura et al., 2013) with evolutionary distances calculated using the Tamura-Nei substitution model (Tamura & Nei, 1993) . The robustness of the tree topology was evaluated by a bootstrapping with 1000 re-samplings (Felsenstein, 1985) . Furthermore, to check the validity of the NJ tree, a maximum-likelihood phylogeny was inferred by RAxML (Stamatakis, 2014) using the GTR model with gammadistributed rate heterogeneity and 1000 rapid bootstrap resamplings. Additionally, the phylogeny of strains 585-1 T and 668 was inferred by using core proteome sequences across 23 representative strains of the family Ruminococcaceae. To select conserved orthologous proteins encoded by publicly available Ruminococcaceae genomes, we performed clustering of translated genomic ORFs using OrthoMCL (Li et al., 2003) with an e-value cut-off of 1E-5, percentage identity cut-off of 40 % and MCL inflation index I=1.1. As a result, a core proteome of 204 conserved protein families with a single representative encoded by every Ruminococcaceae genome from the set was obtained. Amino acid sequences were concatenated and aligned using MUSCLE excluding all gaps. Phylogenetic inference was carried out using NJ in MEGA 6 with the JTT substitution model (Jones et al., 1992) and 1000 bootstrap re-samplings. For each reconstructed phylogeny, Clostridium perfringens ATCC 13124 T was selected as an outgroup.
Average nucleotide identity (ANI) was calculated using the 'Blast+'-based algorithm on the JSpeciesWS server (Richter et al., 2015) .
The novel strains described in this study were obligately anaerobic, non-spore-forming, non-motile, Gram-stainnegative rods. Cells collected from 96 h EG blood agar plates were 1.6±0.3Â0.4±0.1 µm in size and occurred singly and in pairs. Minute coccoid cells attached to or budding from the poles of rods were seen in some light and electron micrographs. Transmission electron micrographs of ultrathin sections of strain 585-1 T revealed highly heterogeneous cytoplasm with circular electron-dense inclusion bodies (114±13 nm in diameter) and lamellar structures visible in some cells (Fig. 1 ). Cell envelope organization was elaborate with several electron-dense and transparent layers visible, somewhat resembling a Gram-negative trilaminar cell envelope. However, the KOH test was negative for both strains. Similar elements have been reported in the cell envelope of Gemmiger formicilis (Gossling & Moore, 1975; Salanitro et al., 1976) , a member of the family Ruminococcaceae moderately related to strains 585-1 T and 668 based on 16S rRNA gene sequencing. Other related members of the family, A. agile and F. prausnitzii, were shown, however, to have a typical Gram-positive cell-wall architecture with thin murein layer, despite their variable Gram staining (Zellner et al., 1996; Rossi et al., 2015) . In addition, a thin microcapsule was visible on the surface of strain 585-1 T . Flagella, pili and other types of surface appendages were not detected in negatively stained preparations of strain 585-1 T .
After 96 h of anaerobic growth on EG blood agar, colonies reached 0.15-0.4 mm in diameter and were non-haemolytic, colourless, circular, flat, dry, with entire margins and rough surface. Supplementation of EG, MRS and PYG broth media with 0.5 % (w/v) maltose and 5 mg haemin l À1 strongly stimulated growth of both strains, which otherwise was poor even after prolonged incubation. The best overall growth was obtained with MRS broth supplemented with maltose and haemin. The strains were not only resistant to 3 % (w/v) Oxgall in EG broth, but also demonstrated enhanced growth in the form of thread-like, ropy and mucous sediment. Both strains were resistant to up to 1 % (w/v) NaCl in MRS broth. Using both MRS and EG broth, growth was observed at 37 C but not at 32 or 42 C. Aesculine and starch were hydrolysed by both strains. Indole, hydrogen sulphide, catalase, urease and gelatinase were not produced. Oxidase, nitrate reductase and alkaline phosphatase reactions were also negative.
In Rapid ID 32A and Vitek 2 ANC identification panels, based on the use of chromogenic enzyme substrates, both strains demonstrated positive reactions for a number of glycosyl hydrolases, including a-galactidase, b-galactidase, a-glucosidase, b-glucosidase, b-glucuronidase, a-mannosidase and N-acetyl-b-glucosaminidase, but not for a-arabinosidase, a-L-fucosidase, b-D-fucosidase or b-mannosidase (Tables S1 and S2, available in the online Supplementary Material). By contrast, all carbohydrate fermentation reactions included in these panels were negative. All chromogenic arylamidase (exopeptidase) tests included in the Rapid ID 32A and Vitek 2 ANC panels were negative for both strains, indicating that these micro-organisms specialize in the utilization of carbohydrate rather than protein substrates as carbon source. Both strains were negative for most of the carbohydrate fermentation reactions in API 20A tests. Acid production was detected from maltose and salicin, and weakly from D-glucose and L-rhamnose (Table S3 ). In conventional carbohydrate fermentation tests, acid production was detected from maltose, salicin, D-galactose and L-rhamnose, and weakly from D-mannose, melibiose and D-sorbitol. Variable results were obtained with sucrose (Table S4 ). Growth on MRS without carbohydrates was very poor.
In disc-diffusion experiments, strain 585-1 T was resistant to amikacin, ampicillin, azithromycin, cephalothin, clindamycin, levofloxacin, linezolid and penicillin G, but sensitive to amoxyclav and vancomycin (Table S5) .
When grown in PYG broth with 0.5 % (w/v) glucose, strains 585-1 T /668 produced 22.2/24.4 mM D-lactate and 9.7/9.4 mM succinate. In addition, strain 668 produced 7.2 mM acetate. Supplementation of PYG with 0.5 % (w/v) maltose led to increased production of succinic acid (17.2 mM) and formation of formic acid (11.0 mM) and acetic acid (6.9 mM) by strain 585-1 T . By contrast, growth of strains 585-1 T /668 on MRS broth supplemented with 0.5 % (w/v) maltose resulted in a wide range of fermentation end products, including 8.5/8.1 mM formate, 13.1/10.1 mM acetate, 20.1/ 19.1 mM D-lactate, 15.9/12.2 mM succinate, 9.6/9.3 mM propionate and 2.8/3.4 mM butyrate. The overall composition of metabolic end products in strains 585-1 T and 668 resembles those of other members of the family Ruminococcaceae isolated from human and animal faeces. The striking predominance of lactic acid among the end products relates these two strains with the genus Anaerofilum (Zellner et al., 1996) . However, unlike Anaerofilum, the novel strains produced the D-lactate isomer.
Cellular fatty acids (CFAs) in strain 585-1 T were mostly composed of monounsaturated components: C 18 : 1 !9 (31.4-31.9 %), C 18 : 1 !9 aldehyde (20.6-21.0 %) and C 16 : 1 !7c (5.3-6.0 %). Palmitic acid (C 16 : 0 , 6.1-6.6 %) and other saturated acids were present in minor amounts (Table S6 ). According to the literature, cell membranes of the closest related genera are composed mostly of saturated CFAs: for example, C 14 : 0 /C 16 : 0 and C 16 : 0 /C 18 : 0 predominate in Faecalibacterium and Subdoligranulum, respectively (Jantzen & Hofstad, 1981; Holmstrøm et al., 2004) , while iso-C 16 : 0 , iso-C 12 : 0 and anteiso-C 17 : 0 are found in Ethanoligenens. Species of Ruminococcus are quite diverse in their CFA composition, but C 14 : 0 , C 15 : 0 , C 16 : 0 , iso-C 15 : 0 , iso-C 16 : 0 , anteiso-C 17 : 0 and anteiso-C 19 : 0 are the most common (Minato et al., 1988) . Other genera of Ruminococcaceae that are closely related to strains 585-1 T and 668 have not been characterized yet in terms of CFA composition. Respiratory quinones were not detected in whole-cell extracts from strains 585-1 T and 668. The amino acid composition of cell-wall acid hydrolysates of the two strains was roughly identical and contained glycine (31.85-33.99 nM), glutamic acid (31.46-33.75 nM), lysine (23.77-28.23 nM), alanine (23.36-28.87 nM) and aspartic acid (21.92-25.2 nM). The exact structure of the peptide moiety has yet to be determined. However, such an amino acid composition is consistent with peptidoglycan type A4a (cross-linkage by L-Lys-D-Asp) according to the nomenclature of Schleifer & Kandler (1972) or type A11.31 according to Schumann (2011) . Similarly to Anaerofilum the lactyl group of muramic acid is likely to be esterified with glycine.
The 4.11 Mbp draft genomic assembly of strain 585-1 T had an overall G+C content of 56.5 mol%, a total of 3802 protein-coding genes, 51 tRNAs, a set of rRNA genes and one CRISPR array. The combined length of the strain 668 draft assembly was slightly smaller, 3.95 Mbp, with a G+C content of 56.6 mol%, encoding a total of 3556 genes, 50 tRNAs, a set of rRNA genes and one CRISPR array. Central carbon metabolism genes in both strains include a full complement for the Embden-Meyerhof-Parnas and pentose phosphate pathways, an almost complete set of genes for the Entner-Doudoroff pathway (excluding glucose 6-phosphate 1-dehydrogenase), a pyruvate ferredoxin oxidoreductase gene and genes required for first carbon oxidation in the citrate cycle. Therefore, the metabolic capabilities of the new strains presumably differ from those of F. prausnitzii and Ruminococcus bromii (which lack an identifiable transaldolase gene) and Ethanoligenens harbinense (which lacks Entner-Doudoroff pathway genes, but possesses an almost complete TCA cycle). Unlike F. prausnitzii, the novel strains do not have any recognizable genes for butyrate production from acetate, including acetyl-CoA acetyltransferase (thiolase), 3-hydroxyacyl-(b-hydroxybutyryl-) CoA dehydrogenase, 3-hydroxybutyryl-CoA dehydratase (crotonase), butyryl-CoA dehydrogenase or butyryl-CoA : acetate CoAtransferase (Louis & Flint, 2009) . No butyrate kinase genes were detected. Furthermore, unlike F. prausnitzii, the new strains lack succinate dehydrogenase genes, but possess genes coding for lactate dehydrogenase and aldehyde dehydrogenase. The presence of alcohol dehydrogenase genes can enable the new strains to produce ethanol, but this was not detected in broth cultures under the conditions used in this study.
The repertoire of glycan degradation enzymes encoded by the genomes of strains 585-1 T and 668 include a-galactidase, b-galactidase, hexosaminidases, a-mannosidase, bmannosidases, b-glucuronidase glucosylceramidase, a-L-fucosidase, a-amylase (only in 585-1 T ) and sialidase (only in 668). Analysis of amino acid biosynthesis genes suggests that the strains are able to synthesize from common precursors most amino acids with the exception of tryptophan, tyrosine, alanine, arginine and lysine. The strains appeared to be auxotrophic for most vitamins and enzyme cofactors, although an almost complete pathway of anaerobic transformation of uroporphyrinogen III to cobamide coenzyme (Roper et al., 2000) was found in both genomes. Fig. 2 . NJ phylogenetic tree of 16S rRNA gene sequences. Evolutionary distances were computed using the Tamura-Nei substitution matrix. Bar, 0.02 substitutions per nucleotide position. GenBank accession numbers are given next to a strain name. Node labels represent bootstrap confidence levels obtained using the NJ/maximum-likelihood methods. Only nodes with both bootstrap levels higher than 70 % are labelled. lactamases, which correlates well with resistance of the former strain to penicillin G, ampicillin and cephalothin.
The ecological distribution of the new bacterium across the human population and across various sites in the human body has to be established. However, a brief search in the NCBI 'nr' database revealed that numerous 16S rRNA gene sequences from uncultured bacteria with !97 % similarity to strain 585-1 T are present in 16S rRNA gene datasets from a number of studies, including a study of a Chinese family faecal microbiota (Li et al., 2008) , a study of ileal microbiota in patients with Crohn's disease (Li et al., 2012) and a study of gut microbiota in obese subjects (Ley et al., 2006) . We also conducted a blastn search against an inhouse dataset of 16S rRNA gene sequences (V1-V3 region), which was generated using the Roche 454 platform from faecal samples of 19 healthy human subjects including the two subjects from whom strains 585-1 T and 668 were originally isolated (our unpublished data). This search revealed the presence of sequences with !97 % similarity in seven samples (36.8 %) with relative abundance ranging from 0.01 to 0.4 % of the total number of sequences. Alignment of complete 16S rRNA genes from strains 585-1 T and 668 showed that they were 99.9 % identical. The strains also showed 91.7/91.6 % similarity to Anaerofilum pentosovorans Fae T , 91.6/91.5 % to A. agile F T , 91.3/91.2 % to G. formicilis ATCC 27749 T , 90.1 % to S. variabile BI 114 T and 88.9/88.8 % to F. prausnitzii ATCC 27768 T . A search in the NCBI 'wgs' database using the 16S rRNA gene sequence of strain 585-1 T revealed several highly similar (>99 %) genes on gut shotgun meta genomic contigs (LBCJ01000006, LBCI01000027), as well as a 16S rRNA gene from an unpublished draft assembly of human gut isolate 'Ruminococcaceae bacterium cv2' (NZ_CYPT01000000). This 4.26 Mbp genomic sequence with a G+C content of 56.6 mol% has been included in the phylogenetic analysis described herein.
To establish the taxonomic positions of strains 585-1 T and 668 within the family Ruminococcaceae, two different approaches to phylogenetic analyses were carried out. One was based on 16S rRNA gene sequences from the type strains of the family Ruminococcaceae and was conducted using both NJ and maximum-likelihood inference methods (Fig. 2) . The other was performed on a concatenated alignment of 204 conserved orthologous proteins (Table S7) encoded by the currently available complete and draft genomic sequences from the family Ruminococcaceae (Fig. 3) using the NJ approach. Both approaches reliably placed strains 585-1 T , 668 and cv2 within the family Ruminococcaceae. According to the 16S rRNA gene phylogeny, the three strains formed a separate branch which was located as a sister clade to the Gemmiger/Subdoligranulum/Faecalibacterium clade. These two clades along with the genus Anaerofilum clade together were a part of a larger phylogenetic cluster, which also included R. bromii, (Clostridium) leptum and (Clostridium) sporosphaeroides and which corresponded to clostridial cluster IV in the taxonomy of Collins. The tree based on conserved proteins had a similar topology and placed the three strains as a separate branch again as the sister clade to the Subdoligranulum/Faecalibacterium clade. As an additional phylogenetic measure, ANI was calculated after pairwise blastn all-versus-all searches between the genomes of strains 585-1 T , 668, cv2, F. prausnitzii A2-165 T and S. variabile DSM 15176 T . The ANI between strains 585-1 T , 668 and cv2 ranged from 97.4 to 98.1 %. F. prausnitzii A2-165 T had 69.3-69.8 % ANI to the new strains and 72.6 % to S. variabile DSM 15176 T . S. variabile DSM 15176 T in turn displayed 68.8-69.5 % ANI to strains 585-1 T , 668 and cv2 and 72.8 % to F. prausnitzii A2-165 T .
Subdoligram variabile DSM 15176 T (GG704769)
Faecafibacterium prausnitzii A2-165 T (ACOP02000000) Fig. 3 . NJ phylogenetic tree of concatenated sequences of 204 conserved proteins. Evolutionary distances were computed using the JTT matrix. Bar, 0.1 substitutions per amino acid position. GenBank accession numbers are given next to a strain name. Node labels represent bootstrap confidence levels obtained using the NJ method. Strains 585-1 T and 668 differ from phylogenetically related genera within the family Ruminococcaceae based on cell morphology, physiological culture properties, enzymatic activity, spectrum of metabolic end products, CFA composition and genome characteristics. Based on the phenotypic and genotypic properties of strains 585-1 T and 668 it is concluded that they represent a novel species in a new genus within the family Ruminococcaceae, for which the name Ruthenibacterium lactatiformans gen. nov., sp. nov is proposed. The main chemotaxonomic characteristics of the new taxon in comparison with some related genera are given in Table 1 .
Description of Ruthenibacterium gen. nov.
Ruthenibacterium (Ru.the.ni.bac.te'ri.um. M.L. fem. n. Ruthenia medieval Latin name of Russia; Gr. dim. n. bakterion a small rod; N.L. neut. n. Ruthenibacterium a rodshaped bacterium isolated in Russia).
Cells are Gram-stain-negative, rod-shaped, obligately anaerobic, non-spore-forming, non-motile, 1.6±0.3Â0.4±0.1 µm in size and occur singly and in pairs. Metabolism is chemoorganoheterotrophic fermentative. Optimal growth temperature is 37 C. D-Lactate and succinate are the major end products of fermentation. Predominant CFAs are C 18 : 1 !9, C 18 : 1 !9 aldehyde, C 16 : 0 and C 16 : 1 !7c. The peptidoglycan contains glycine, glutamic acid, lysine, alanine and aspartic acid. Menaquinones are not produced. Member of the family Ruminococcaceae. The type species is Ruthenibacterium lactatiformans.
Description of Ruthenibacterium lactatiformans sp. nov.
Ruthenibacterium lactatiformans (lac.ta.ti.for'mans. L. part. perf. pass. masc. lactatus fed with milk, lactate; L. part. adj. formans forming; N.L. part. adj. lactatiformans lactateforming).
Exhibits the following characteristics in addition to those given in the description of the genus. Growth on EG blood agar is visible after 72-96 h of anaerobic incubation at 37 С. Colonies are 0.15-0.4 mm in diameter, non-haemolytic, colourless, circular, entire, flat, dry and with rough surface. Colonies are positive for aesculin and starch hydrolysis and tolerant to bile. In broth cultures growth is stimulated by 0.5 % (w/v) maltose, 5 mg haemin l À1 and 2-3 % (w/v) Oxgall. Indole, catalase and urease are not produced. Gelatin is not digested. Acid is produced from D-glucose, D-galactose, maltose, salicin and L-rhamnose but not from L-arabinose, adonitol, lactose, D-mannitol, raffinose or trehalose. In chromogenic substrate tests, positive reactions are obtained for a-galactidase, b-galactidase, a-glucosidase, b-glucosidase, b-glucuronidase and N-acetyl-b-glucosaminidase, but not for a-arabinosidase or a-fucosidase. The DNA G+C content is 56.4-56.6 mol%.
The type strain of the species, isolated from human faeces, is 585-1 T (=DSM 100348 T =VKM B-2901 T ).
